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A NEW HEURISTIC ALGORITHM FOR MULTIPLE TRAVELING

SALESMAN PROBLEM

F. NURIYEVA1, G. KIZILATES2, §

Abstract. The Multiple Traveling Salesman Problem (mTSP) is a combinatorial opti-
mization problem in NP-hard class. The mTSP aims to acquire the minimum cost for
traveling a given set of cities by assigning each of them to a different salesman in order
to create m number of tours. This paper presents a new heuristic algorithm based on
the shortest path algorithm to find a solution for the mTSP. The proposed method has
been programmed in C language and its performance analysis has been carried out on
the library instances. The computational results show the efficiency of this method.

Keywords: multiple traveling salesman problem, heuristic algorithms, shortest path al-
gorithm, insertion heuristic, graph theory.
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1. Introduction

The Traveling Salesman Problem (TSP) is one of the most well-known and studied
problems in the area of combinatorial optimization [1]. It aims to find the shortest tour
or the tour with minimum cost for the given number of points, i.e., cities, pieces, vertices,
etc., where all the distances between the points are known. Despite the simplicity of the
definition of the TSP, its solution is quite difficult. As the number of points increases, the
solution time and the difficulty of the problems increase correspondingly. Hence, instead of
sweeping the whole solution space in order to guarantee the absolute solution, researchers
mostly prefer to find quality solutions in short time periods by using heuristic methods.

The Multiple Traveling Salesman Problem (mTSP), on the other hand, is a derivation
of the TSP for modelling daily life problems. In the mTSP, number of cities are divided
into m number of tours by assigning each of these cities to a different salesman.

In this paper, the mTSP has been studied, a new heuristic algorithm has been proposed,
and the results of the algorithm have been tested on the library instances. The rest of
the paper will proceed as follows: The variants of the mTSP, the areas that use mTSP
and the former studies on mTSP are mentioned in Section 2. The new algorithm that is
proposed for the solution of mTSP is presented in Section 3. This proposed algorithm is
tested on the sample library problems, and the efficiency of the method is discussed in
Section 4. Finally, the complexity of the algorithm is given, and a goal for further remarks
is indicated in the conclusion.
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2. Multiple Traveling Salesman Problem

The Multiple Traveling Salesman Problem (mTSP) is developed on the TSP. Unlike the
TSP, there are m salesmen in the mTSP. In the mTSP, each city in a given set of n cities
is divided into m tours by assigning each of these cities to a different salesman. The goal
is to find the minimum cost of the tours in total. The cost can be defined as distance or
time [2].

2.1. Mathematical Model of the Problem. Many mathematical models have been
proposed for the mTSP. In this paper, we will give some definitions before introducing
the model. The mTSP is defined on a graph G = (V,A), where V represents the set of
vertices and A represents the set of edges. Let C = (cij) be the cost matrix defined on
the set of A. If cij = cji then the cost matrix is symmetric, otherwise it is asymmetric. If
the cost matrix satisfies cij ≤ cik + ckj for ∀i, j, k, then the matrix C satisfies the triangle
inequality.

Among the proposed models for the mTSP in the literature, assignment based mathe-
matical model, tree based mathematical model, and a three-index flow-based model have
been mostly used.

The three-index flow-based model for the mTSP is as follows: Let n be the number of
cities to be visited, and m be the number of salesmen (we assume n ≥ 3m+ 1). Then the
variable xij is defined as follows:

xij =

{
1, if edge (i, j) is used in the tour,
0, otherwise.

Goal function:

minimize
∑

(i,j)∈A

cijxij (1)

Constraints:

n∑
j=2

x1j = m (2)

n∑
j=2

xj1 = m (3)

n∑
i=1

xij = 1, j = 2, . . . , n (4)

n∑
j=1

xij = 1, i = 2, . . . , n (5)

∑
i∈S

∑
j∈S

xij ≤ |S| − 1, ∀S ⊆ V − 1, S 6= 0 (6)

xij = 0 ∨ 1, (i, j) ∈ A (7)
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In this model, constraints (4), (5), and (7) satisfy the assignment problem constraints.
Constraints (2) and (3) ensure the return of each salesman to their starting point. Con-
straint (6) is used to prevent sub-tours [3].

2.2. Problem Types and Application Areas. There are different types of the mTSP.
The possible variations of the problem are as follows [2]:

• Single and multiple depots: In single depot mTSP, every salesman begins his tour
from the point with others and returns to this same point at the end of his tour. In
multiple depot mTSP, on the other hand, every salesman is located on a different
point, and at the end of his tour, he returns to the same point he started.
• Number of salesmen: The number of salesmen may be a bound variable or an

initially fixed variable.
• Time window: In this variation, certain points must be visited in specific time

periods. This variation of the mTSP is important and widely used. It is used for
making the schedules of school shuttles, buses, and flights.
• Other special constraints: These are special constraints such as constraining the

number of vertices that a salesman will visit or constraining the minimum or
maximum length of the path that a salesman will use.

The mTSP can also be considered as relaxation of vehicle routing problem. Hence, the
models and solution approaches proposed for vehicle routing problem may also be used
for the mTSP [4].

The mTSP has a variety of application areas. These areas are basically the routing and
scheduling problems. The following includes some of the application areas of the mTSP
indicated in the literature [5, 6]:

• Computer electrical installation setup
• Path and route planning
• Job planning
• Robot control
• Drilling of printed circuit boards
• Chronological order

In this paper, single depot symmetrical mTSP is studied and a new algorithm is proposed.

2.3. The Solution Methods for the Problem. There have been many studies in solv-
ing the mTSP since 1970. These studies have generally done by evolutionary computation
techniques.

Many methods that have been used for the mTSP focus on specifically vehicle routing
problem [7].

Another significant method for solving the mTSP is to draw on the mathematical model
of the problem. In mTSP studies, single and multiple depot variants are used, information
about the solution algorithms is given, and new formulas that can be used to solve the
problem are proposed [2].

3. A New Method for Single Depot mTSP

The method we proposed for single depot mTSP consists of two steps based on Shortest
Path Algorithm and Insertion Heuristic. In the first step, algorithm creates tours as many
as the number of salesmen. In the second step, the vertices that have not been used are
inserted to the tours which have been created in the first step, through Insertion Heuristic
technique.
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3.1. Shortest Path Algorithm. Shortest path algorithm is used for finding the shortest
path between two vertices on a given graph. There are a number of algorithms that are
used for finding the shortest path between two vertices on a graph. The shortest path
between two vertices (except an edge between these vertices) in a complete graph, is a
path with 2-length. In our proposed algorithm, the length of paths is calculated by adding
all vertices to the central vertex and the farthest vertex to it. Then the shortest length
among these paths is selected as a shortest path. The complexity of this method is O(n).

3.2. Insertion Heuristic. Insertion Heuristic techniques are easy to understand and have
different variants. It simply starts with a tour created with a subset of given cities. Then
new vertices are inserted to this tour by some heuristic methods. The initial sub tour is
generally a triangle. Yet, some insertion heuristics start the algorithm with a single edge
[5].

The insertion heuristic in proposed algorithm inserts the tours that have not been
inserted yet into m tours including four vertices that have been created by the shortest
path algorithm with an O(n2) complexity.

3.3. The New Method. Algorithm first starts with finding the central vertex and the
farthest vertex from the central vertex. Central vertex can be found as follows:

x =

∑n
i=1 xi
n

; y =

∑n
i=1 yi
n

After finding (x, y) coordinates, we define the nearest vertex to these point as central
vertex. Then the edge between these two vertices is removed from the graph. Hence, the
edge that may probably cause a high cost in a tour is removed from the graph before the
tours are formed. Then the shortest paths between the central vertex and its farthest
vertex are found, and all the vertices (except the central vertex and its farthest vertex)
and edges used on that path are removed from the graph. In this new graph, the second
shortest path between the central vertex and its furthest vertex are found, and the vertices
and edges used on that path are also removed from the graph. Hence, a tour between the
central vertex and its furthest vertex is formed. This process continues until each salesman
is assigned a tour. After assigning tours to salesmen is accomplished, the vertices that have
not been included in any tours yet are included in the proper tour by insertion heuristic
method. Then the algorithm is ended.

The main steps of the algorithm are as follows:

(1) Find the farthest vertex to the central vertex. Remove the edge between the central
vertex and its farthest vertex. Find the shortest path between these two vertices
and remove all the vertices (except the central vertex and a farthest vertex from
it) and edges on that path from the graph.

(2) Find the second shortest path between the central vertex and its farthest vertex.
Then, remove all the vertices (except the central vertex) and edges on that path
from the graph.

(3) Assign the tour that has been formed by these two shortest paths (the tour that
begins and ends with the central vertex) to a salesman.

(4) If the number of salesmen to whom a tour has been assigned is less than m, then
go to Step 1.

(5) Otherwise, if there are any unassigned vertices left, then insert them to the tours
by insertion heuristic method.

(6) STOP.
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(a) (b) (c)

(d) (e) (f)

Figure 1. An example for the algorithm. (a) An example for the proposed
algorithm. (b) Finding a central vertex and a farthest vertex to it. (c) A
tour obtained by finding two shortest paths between the central vertex and
farthest vertex to it (except an edge between them). (d) A tour obtained
by finding two shortest paths between the central vertex and the second
fathest vertex to it (except an edge between them). (e) Adding a vertices
which are not included to the tour using insertion heuristic. (f) An obtained
tour.

In Figure 1, these main steps of the algorithm are explained. In the example, vertex 1 is
the central vertex, and the number of salesmen is two.

3.4. The Time Complexity of the Proposed Method. In the proposed algorithm,
the shortest path algorithm is applied twice between the central vertex and m vertices
far from the central vertex. Since the complexity of the shortest path algorithm is O(n),
the time complexity of forming m tours is (2m ∗ n) which is O(n2). Then, the algorithm
inserts the residual vertices to the formed tours by insertion heuristic method. Since the
complexity of insertion heuristic is O(n2), and insertion heuristic method will be used for
maximum n times, the time complexity of Step 5 is O(n3).

The overall time complexity of the algorithm is O(n3).

4. Computational Results

In this section, some computational experiments have been done in order to evaluate
the performance of the algorithm that is proposed for the mTSP. There is no library for
the mTSP. Hence, the computational experiments for evaluating the proposed algorithm
are done with the instances in TSPLIB that are created for the symmetric TSP [8].
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Figure 2. The performance of the computational results
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The proposed algorithm has been programmed in C language. The processing time
of the algorithm does not include the time for reading the graph and creating distance
matrix.

The Table 1 includes the results and processing times of the program for each library
instance in which the number of salesman, m, ranges from 2 to 10. The optimum row in
the table shows the optimum results for the symmetric TSP in the TSPLIB. Furthermore,
the change in the results of the problem depending on the increase of the number of
salesmen is also shown in Figure 2.

5. Conclusion

The TSP is an optimization problem, which is seen in almost every area of the real life.
As being one of the most well-known and common graph problems, the TSP belongs to
the class of hard problems. In this paper, the mTSP, which is a developed version of TSP,
has been studied, and a new heuristic algorithm that takes the shortest path algorithm as
a basis has been proposed. The time complexity of this proposed algorithm is O(n4).

This proposed algorithm has been programmed in C language, and its performance has
been analyzed by the frequently used test problems in the literature. After the results that
have been obtained from the tests are examined, it is seen that the algorithm is efficient
and produces results in a short time period.

There are many different variants of mTSP in the literature. For further study, it is
aimed to propose new methods for these problems.
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